Protective effects of d-3-hydroxybutyrate and propionate during hypoglycemic coma: clinical and biochemical insights from infant rats.
d-3-hydroxybutyrate (3OHB) is an alternative energy substrate for the brain during hypoglycemia, especially during infancy. Supplementation of 3OHB during sustained hypoglycemia in rat pups delays onset of burst suppression coma, but is associated with white matter injury and increased mortality. The biochemical basis for this ambivalent effect is not known. It may be related to an anaplerotic or gluconeogenetic deficit of 3OHB. We studied clinical alertness, EEG and brain metabolites (acyl-carnitines, amino acids, glycolytic and pentose phosphate intermediates) in 13 day-old rat pups during insulin induced hypoglycemic coma and after treatment with 3OHB alone or in combination with the anaplerotic substrate propionate. Clinically, treatment with 3OHB and propionate resulted in an alert state and EEG improvement, while treatment with 3OHB alone resulted in an improved EEG but animals remained clinically comatose. Biochemically, both treatments resulted in correction of cerebral glutamate and ammonia levels but not of gluconeogenetic substrates and pentose phosphate metabolites. 3OHB treatment restores glutamate metabolism but cannot restore a glycolytic or pentose phosphate pathway deficit. Additional treatment with propionate significantly improved the clinical protective effect of 3OHB in hypoglycemic coma.